Introduction
Several types o f macromolecular systems have proven useful as carrier systems for nonimmunogenic small molecules, including natural biopoly-* Reprint requests to Prof. Dr. M. Zeppezauer. Abbreviations: Boc f-butyloxycarbonyl. DMAP dimethylaminopyridine, DMEM Dulbecco's modified eagle medium, FCS fetal calf serum, HAT hypoxanthine, aminopterin and thymidine media, HT hypoxanthine thymi dine media, PBS phosphate-buffered saline, FCA Freund's complete adjuvant, Fmoc 9-fluorenylmethyloxycarbonyl, ESG Ewing sarcoma growth factor, HRP horseradish peroxidase, MDP N-acetyl-muramyl-L-alanyl-D-isoglutamine, Mtr 4-methoxy-2,3,6-trimethylbenzene sulfonyl, LPS lipopolysaccharide from E. coli, HMP p-hydromethylphenoxymethylpolystyrene resin, TFA trifluoroacetic acid, POE polyoxyethylene, PS -POE polystyrene-polyoxyethylene.
Verlag der Zeitschrift für Naturforschung, D-72072 Tübingen 0 9 3 2 -0 7 7 6 /9 3 /1 2 0 0 -1 8 0 1 /$ 01.00/0 mers, such as bovine serum albumine, hemocyanin, fibrinogen and R N A , chemically modified biopolymers such as dextrans, or entirely synthetic carriers such as polystyrene and chemically crosslinked acrylic polymers [1] [2] [3] [4] , The latter ones are applied as insoluble beads, thus introducing the antigenic structure in a heterogeneous phase. In this respect these antigen-carrying beads resemble the oil emulsions which constitute the wellknown F reund's adjuvant.
In spite o f their extensive use both the various carrier systems and adjuvants exhibit different kinds of disadvantages: Carriers and adjuvants in troducing a heterogeneous phase often show in compatibility or toxicity in vivo; proteins and other biomolecules themselves carry antigenic determi nants, e.g. the repetitive glucose structure of dextran. Also, antigenicity may be related not only to the covalently linked hapten molecule but to a de term inant composed both o f the hapten molecule and its nearest environm ent on the carrier mole cule. In general, these adverse effects are conse quences o f chemical and physical heterogeneities on the surface of the carrier systems. Macromolecular carrier systems with improved com patibility and immunogenicity should therefore have im proved surface properties in terms of -chemically and physically homogeneous, uni form surface structures -increased hydrophilia -chemical inertness -identical links between all hapten groups and the surface -uniformly linked hapten molecule structures -maximally exposed hapten structures for opti mal contact with the im m unocom petent cells A rational approach to meet these requirements was dem onstrated recently by Frisch et al. [5] , These authors achieved a chemically uniform pres entation o f a synthetic model hexapeptide by cova lent attachm ent to liposomes. These conjugates proved suitable for soliciting antibodies against the parental protein i.e. histone H 3 from which the hexapeptide was derived.
Here we offer an alternative approach based on a class o f newly developed polymer beads which fulfil the above-mentioned requirements with a high degree of perfection [9] [10] [11] [12] . These tentacle polymers consist of a cross-linked polystyrene backbone which is completely covered by the grafted polyoxyethylene (polyethylene glycol) ten tacles. The content o f polyoxyethylene is 6 0 -9 0 % by weight. These tentacle polymers have found wide use as supports for the solid phase synthesis of polypeptides [9] [10] [11] [12] .
Due to their repetitive structure of -( 0 -C H 2-C H 2-)" segments and the terminal -O H group, these tentacles impose onto the beads a brush-like, uniformly hydrophilic surface with a high degree of chemical inertness [9] , The term inal -O H groups can easily be replaced by other terminal functional groups e.g. -N H r groups for the a t tachm ent of hapten molecules. This attachm ent can be achieved by a onestep covalent reaction be tween the functionalized beads and the hapten or by a stepwise synthesis o f the hapten molecule on the graft polymer beads as "solid" support. In the latter case the tentacle polymers serve both as solid supports for the synthesis and as carrier for the hapten, simplifying the procedure.
This communication describes the synthesis of graft polymer-bound peptide fragments o f the noncatalytic zinc loop of horse liver alcohol dehy drogenase isozymes and of N-term inal and C-terminal parts o f histone H 1 as well as their suc cessful use for in vivo and in vitro im munization.
Materials and Methods

Antigens Free antigenic peptides:
The sequences 93 -1 1 6 of both the E chain and S chain of horse liver alcohol dehydrogenase [6, 7] , the N-terminal sequence 3 -3 0 of calf histone H 1 C tll [8] (APAAP AAAPP AEKTP V K K K A AK K PA GA), and the 25mer C-terminal sequence (KPKA A KPKAA KPKAA K PK K A A PK K K ) were synthesized by solid phase peptide synthesis using Fmoc chemistry, 0.1 mmol scale on a 431 Applied Biosystemes Synthesizer. Solid support was a HMP-resin (0.9 meq/g) and the first amino acid was attached automatically using D M A P on the instrument. The side chain protecting groups were M tr for Arg, Trityl for Cys, t-Butyl for Ser and Thr and Boc for Lys and His. The cleavage of arginine and cysteine containing peptides was achieved by a 5h treatment with a mixture o f 90% TFA, 5% thioanisole, 3% ethane dithiol and 2% m-cresol. The histone fragments were detached by a 2 h treatment with 95% TFA and 5% water. The resin was removed by filtration and the eluate was concentrated to 1 ml by vacuum evaporation. The peptides were precipitated with diethyl ether. After washing with diethyl ether, the crude product was analysed by HPLC (Waters 400) using a Nucleosil 100 5 //m ODS column (Macherey & Nagel, W -5160 Düren, Germany) 250 • 4 mm and a wateracetonitrile gradient as eluent. Semipreparative runs were performed on a 1" column of Nucleosil 100 7 n m yielding products of high purity which were lyophilized.
Graft polymer-bound peptides:
The above mentioned sequences were also syn thesized on the amino derivative of polyethylene glycol-grafted polystyrene beads (T e n ta G e l-N H 2 resin, Rapp-Polymere, Eugenstr. 38/1, W-7400 Tübingen, Germany) [9, 10] using Fm oc-am ino acid pentafluorophenyl esters. A special continu ous flow cycle [11, 12] with high flow rates up to 20 ml/min and short coupling times of 10 min were used on a MilliGen 9050 peptide synthesizer. C ou pling times were doubled for lie, Val and Arg. The TentaG el-bound peptides were freed of the pro tecting groups with the same reagents as described above. The resins were collected by filtration and washed successively with diethyl ether, methylene chloride, diethyl ether and dried in vacuo.
Immobilization o f peptides on oxirane-activated acrylic polymer beads:
Several peptides (H 2B N-terminus, H I N-term inus, H 1 C-terminus, E-and S-Peptides of H LA D H ) dissolved at concentrations o f 0.5 mg/ml in 1 M sodium buffer pH 7.5 were covalent ly bound onto 70 mg oxirane-activated acrylic beads (Eupergit C, Röhm Gm bH, W-6100 D arm stadt. We thank Dr. D. Kräm er for a gift of this polymer support) during 24 h at room tem pera ture. The reaction was stopped by transferring the beads to PBS pH 7.2 and dialysis for 24 h at 4 °C.
Immunization in vivo:
Female, eight week old Balb/c mice received intraperitoneally 0.2 ml of an emulsion composed of 0.2 mg/ml TentaGel-bound peptide in FCA. The immunization was repeated twice. The boost im munization was performed three days before pre paring the spleen cells. A similiar procedure was applied with Eupergit C-bound peptides.
Immunization in vitro:
The procedure of Böldicke et al. [13] 
ELISA-test:
The antigens were applied in free form i.e. nei ther bound to TentaGel nor Eupergit C. The coat ing o f highly activated m icrotiter plates (Nunc, W-6200 Wiesbaden, Germ any) was performed with a solution o f 50 //g/ml antigen dissolved in 0.05 M carbonate buffer at pH 9.7. The blocking solution contained 0.5% gelatine, 150 mM NaCl, 10 mM phosphate pH 7.2 and 15 mM N aN 3. After applying 250 p\ o f this solvent for 1 h at 37 °C, 100 p\ portions o f hybridom a supernatant were placed in each well for one hour. After washing with 150 mM NaCl containing 0.05% Tween 20, a solution of 100 p\ rabbit-(anti-m ouse IgG) IgG H R P (0.3% (v/v)) in blocking solution was added. After 1 hour incubation at room tem perature five washings were performed and subsequently the substrate was added. The substrate solution was Mc Ilvaine buffer pH 5.6 containing 1.5 mM orthophenylene diamine and 0.9 mM H 20 2. After 30 min in the dark the reaction was interrupted with 100 p\ 2 M sulfuric acid and the absorption was measured in a M inireader (M inireader II, Dynatech, USA) at 490 nm. Blanc correction was performed against the pure substrate solution.
Cell lines:
The anti mouse-T 4 antibody-producing cell line was the rat myeloma line YTS 191/2 which was a kind gift of Dr. T. Böldicke, GBF Braunschweig. For cell fusion the nonsecreting mouse myeloma cell line P 3 -X 6 3 -A g 8.653 was obtained from Flow laboratories, UK. The hum an fibroblast cell line KH 5587, the lym phoma line IM 9 and the transform ed m acrophages cell line P 388 D 1 were received from Flow laboratories, UK.
Cell fusion and selection media:
The fusion procedure and the limiting dilution experiment were performed as described by K öh ler and Milstein [14] . The selection medium was complete RPM I 1640 with 0.1 mM hypoxanthine, 15.6 /^M thymidine and 4* 10"7 am inopterin. The HT medium did not contain aminopterin.
Results
In vivo experiments with bound peptides:
The successful synthesis o f the peptides onto the TentaGel is dem onstrated by the infrared spectra of the bound peptide (Fig. 1) . The spectrum o f the TentaGel-bound peptide (Fig. 1, lower) is a super position of the spectra of the free peptide and of the free polymer and shows clearly that the peptide remains attached to the polymer support after re moval of the protecting groups. Both the TentaGel-bound peptides and the Eupergit C-bound peptides gave an antibody response which was dem onstrated by the antibody o f the hybridom a cells obtained. Animals immunized with Eupergit C-coupled peptides showed enlargement and in duration o f the spleen. In addition to the enlarge ment and the induration o f the spleen, the growth of the adjacent tissue was stimulated and the spleen was almost completely embedded. N o anomalies were observed in the animals which had received the Tentacle-bound antigens intraperitoneally. Obviously the polystyrene polyoxyethylene graft polymers are highly biocompatible when im plant ed into living animals. The antibody response as measured by ELISA of the different hybridom a cultures is shown in Table I . Table II shows the results of the ELISA-test concerning histones and histone peptides, meas ured on day nine as described in the M aterials and M ethods section. It is obvious that both free and Fig. 1 . Infrared Spectra of TentaGel, aminated form (upper), the free HLADH E-peptide (middle) and the Tenta-Gel-bound E-peptide, obtained by synthesis on the aminated resin (lower). The spectra were taken with 1 mg of substance in KBr pellets. Abscissa: wave num ber, ordinate: transmission. The authors thank Prof. Dr. L. Heck for access to the IR spectrometer and Mr. K. Hoffmann for recording spectra. polym er-bound peptides were able to raise an im mune response in the in vitro system. As polymer support we used the tentacle-polymer. Also in this cellular system, graft copolymer beads showed ex cellent biocompatibility. The in vitro immuniza tion using the free E-peptide and the TentaGelbound E-peptide resulted in 6 (1) and 7 (2) anti body producing clones, respectively. In parantheses are the num ber of selected active clones. 
In vitro immunization:
Discussion
Both types o f antigens which were used in this investigation are highly suitable for testing the effi ciency o f novel antigen carrier systems. The his tone structures have proven very conservative during the course of evolution and they are wellknown for being extremely weak immunogens. In com parison with free histones, the immune re sponse in animals is significantly better for his tones linked to polymeric structures such as RNA [15, 16] , liposomes [5] or glutardialdehyde-crosslinked histones [17] or histones bound to synthetic polymers such as Eupergit C [17, 18] . The use of TentaG el-bound peptides as a rational approach for antigen presentation has been described briefly [17, 19, 20] . It is interesting to note that the in vitro technology gave rise to antibody-producing clones with both free and Tenta-Gel-bound peptides. The antibodies were o f the IgG and IgM types, they re cognized both the peptides used for immunization and the parental histone molecules. The antigenic peptides derived from H LAD H isozymes EE and SS consisted of twentyfour ami no acids o f positions 9 3-116 of HLADH. Only four residues had been changed in the S-chain-derived peptide i. e. T > I, R g> S, F §> L and D §> S. In vivo no immune response was obtained with free peptides in contrast to peptides bound to either Eupergit C or TentaGel (see Table I ). Eight weeks after fusion, six active clones had become available which specifically recognized the S peptide but also showed cross reactivity against the E peptide i. e. 50% o f the intensity of the former.
The in vitro technique again yielded active clones after stimulation with both the free E pep tide and the tentacle-bound E peptide. When com paring the results o f the in vitro experiments it seemed as if the tentacle-bound antigens stimulat ed the growth of more clones by com parison with free peptides. However we need to point out that not enough data have been available so far as to permit a statistical evaluation. Nevertheless this point deserves further interest since it may indicate a positive adjuvant effect of the POE-grafted sur face.
Conclusion
(i) The synthesis of antigenic structures on polystyrene-polyoxyethylene graft polymers is achieved in situ since the tentacle polymer is used as the support in the autom ated solid-phase pep tide synthesis. After removing the protecting groups the material is ready for use in immuniza tion experiments. The procedure offers considera ble saving in cost and time.
(ii) Only m inute am ounts o f antigenic material (viz. the am ount of peptide, not the hapten-carrier-complex) are needed, i. e. 50 ng bound peptide per ml. for one in vitro experiment the total am ount of 400 ng was used, for subsequent screen ing experiments 1 -2 mg.
(iii) The surface o f TentaGel does not create novel epitopes in the environm ent of the linked antigen. If the antigen is synthesized in situ, a very homogeneous population of antigenic molecules is created on the surface o f the carrier.
(iv) The POE-grafted polymers are also well suited for attachm ent o f available antigenic mole cules, either natural or synthetic ones. The polyoxyethylene tentacles can be provided with any kind of functional group through which the hapten may be covalently fixed by standard reactions, e.g. carbodiimide coupling and others.
(v) As is evident from our results, the TentaGel possess an excellent biocompatibility compared to other carrier systems. The surface structure may even exert adjuvant effects. This work was supported by the Zentrale F o r schungskommission, Universität des Saarlandes, Deutsche Forschungsgemeinschaft, Bundesmini sterium für Forschung und Technologie, and Fonds der Chemischen Industrie.
